Introduction
Titanium is a commonly used material for orthopaedic implants due to its high biocompatibility and adequate mechanical properties. 1 One challenge concerning the implants integrity is the significant difference between elastic modulus of bone and elastic modulus of the used titanium alloy in orthopaedic surgery. 2 To overcome the described problem, porous titanium constructs can be used. 2 We created a construct made by Selective Laser Melted (SLM) taking advantage of the methodical and structural replication stability in contrast to other surface roughening techniques. The SLM process allows the manufacturing of constructs containing pores of 250 µm in diameter. This size has been described to be beneficial for in vivo vascular ingrowth. 3 The construct also offers a rough surface being beneficial for cell adhesion resulting in a strong bone -implant contact. In general further implant optimisation can be achieved by vitalizing the construct with osteogenic cells prior to implanting. In this context, we analysed the proliferative behaviour of cells on the SLM generated surface by fluorescence microscopy. To enhance bone ingrowth the angiogenic factors VEGF and HMGB1 were evaluated using an endothel cell line and osteoblasts.
Methods

GFP-Osteoblast
Osteoblasts were isolated from green fluorescence mice and cultured in DMEM medium containing 10% FCS.
GM7373
Endothelial cell line GM7373 (fetal bovine aorta) was cultured in DMEM medium and 10% FCS.
Titanium scaffold production
When the scaffolds 3 D structure was generated Ti6Al4V was processed using a SLM® 125 HL, SLM Solutions GmbH, Germany machine system.
Visualization by fluorescence
Titanium scaffolds were placed into a 96 well plate submerged in medium. GFP-Osteoblasts were delivered gently on the top of the scaffolds in duplicate with 1,0*10 4 cells respectively. After 24 h incubation at 37 °C, 5 % CO², implants were turned upside down to allow visualization in an inverse microscope. Then proliferative behaviour and motility of the cells was observed by Live Cell Imaging Microscopy (Leica Microsystems) during 144 h at steady conditions. Cells without scaffolds were used for positive control.
Chemotactic influence of HMGB1 and VEGF165 on GFP-Osteoblasts
Starvation medium (1% FCS and DMEM) was added to a 24 well plate and additionally to inserts composed of polycarbonate membranes (3421, Corning) with 5 µm pore size followed by the seeding of 2 * 10 4 GFP osteoblasts. After 30 minutes HMGB1 at the concentrations the concentrations 1 ng/ml, 5 ng/ml, 10 ng/ml, 20 ng/ml, as well as positive and negative controls were added into the lower wells in duplicate, respectively. The cells were allowed to migrate for 24 hours at 37 ° C, 5 % CO2. After fixation and staining the cells were counted under a microscope in five randomly selected fields.
Chemotactic activity of HMGB1 and VEGF on GM7373 12 well plate and inserts (353182, BD Falcon) with 8 µm pore size were used for GM7373. 1 % DMEM was added to the wells and inserts and placed at 37 ° C, 1 * 10 5 cells were seeded and incubated for 20 minutes allowing the cells to settle down. HMGB1 and VEGF were used as described above, as well as the respective positive and negative controls. After 75 minutes at 37 ° C, 5 % CO2 migration was arrested by cell fixation with subsequent cell staining. The evaluation was accordingly performed under a microscope with 5 randomly selected fields.
Results
Osteoblasts seeded on the titanium scaffold were evenly spread (Fig. 1) . Even after 144 h of cell visualization cells showed normal cell shape, proliferation and migration on the analysed scaffold surface visualized by microscopy.. The cells could be visualized up to 210 µm in depth of the pores (limitation due to z-stack). 
Discussion
We showed that osteoblasts are able to proliferate and migrate on a SLM generated titanium surface. Besides the construct surface we could detect osteoblasts also inside the incorporated pores. This provides a basis for further studies using in vivo models to ensure the strong boneimplant contact. Cell migration stimulated by the chemotactic factors VEGF and HMGB1 is important for endothelial cell migration and thus required for an effective initial vascularisation into implants. 4, 5 Murine osteoblasts showed to be not chemotactic to VEGF but to HMGB1. This is confirmed by the literature. Mayr-Wohlfahrt et al. described an increase of chemotaxis to VEGF using human osteoblasts, while Fukuyama et al. showed decreasing migration of mice osteoblasts. 6, 7 Therefore HMGB1 could be an interesting alternative to VEGF. In perspective the establishment of an in vivo model to evaluate the SLM titanium scaffold in combination with HMGB1 appears to be promising.
